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Lipid Oxidation at Low-Intermediate Moisture Content*

1. Effect of water on metal-catalyzed oxidation

Yoshikiyo MizusHiMa**, K520 TakaMa** and Koichi Zama**

Abstract

The oxidation of mackerel oil catalyzed by various metals was studied in a
model system based on egg albumin. In the case of water activity (Aw) at 0.75,
Fet++ and hemin showed lower oxidative activity than in that of Aw~0 or 0.32,
while Cu*+ showed higher prooxidant activity at Aw==0.75 than at Aw=0.32.
Thus, when the Cut+ catalyst is present, there is some critical water activity from
which the effect of added water on the rate of oxidation is reversed. But, when
Fet++ and hemin are present and the metals are absent, there is no critical water
activity from Aw~0 to 0.75. In the Cut+ added system at Aw=<0.75, hydro-
peroxide decomposition is found to proceed on monomolecular and bimolecular
decomposition kinetics, simultaneously. In the other systems, hydroperoxide
decomposition is found to proceed on monomoleeular kinetic up to 1-29,
oxidation level, following the bimolecular decomposition kinetic.
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3. Caoutchouc stopper
! 4. 100 m! Erlenmyer flask
5. Oil-protein model mixture
5
/

Fig. 1. Schematic diagram of flask used in oxygen absorption analysis of an oil-protein
model system.
1. Bilicone rubber 2. Glass tube 3. Caoutchouc stopper 4. 100 ml Erlenmyer flask
5. Oil-protein model mixture

Table 1. GC analysis of oxygen absorption

Instrument :  Hitachi Model 164 Gas Chromatograph
Column packing :  Molecular sieve 5A, 60~ 80 mesh
(Nihon Chromato Works, Ltd.)

Column : 3mm id. X 2m Stainless steel tube
Carrier gas He : 40 ml/min

Column temp. : 70°C

Detector : TCD

Bridge current : 100 mV

Sample size :  Head space gas 50 ul

(4) ASROFFE Tihios® DOFHEICHE, LRRBTICREN 1g 2L, 5ml DEK 2 #
7 ~VBHENL CTIRBL, LBOKEHE 2427 —MTDWT, Table 2 KRTEBTCHFArav b
S IR T 17, FIRRIT, S5ml DEAK 2 & 7 —~1i 0, 0.05, 0.1g DA% ZNEFNFEML, FFFIC
SR, RERE EML I, ‘

Table 2. GQC analysis of water content in methanol

Instrument :  Hitachi Model 164 Gas Chromatograph
Column packing :  Porapak Q, 80~ 100 mesh
(Water Associates, Inc.)

Column ¢ 3mm id. X 1 m Stainless steel tube
Carrier gas He : 40 ml/min
Column temp. : 70°C
Detector : TCD
Bridge current : 100 mV
Sample size : bul
HREIUER
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Fig. 2. Oxygen absorption of a model system as a function of Aw at 20°C.
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Fig. 4. Oxygen absorption of a model system as a function of Aw at 20°C.
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Fig. 5. Kinetic plot for monomecular rate period of oxygen absorption of a model system
as a function Aw at 20°C.
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Fig. 6. Kinetic plot for bimolecular rate period of oxygen absorption of a model system as
a function of Aw at 20°C.
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Table 3. Kinetic constant in a mackerel oil-egg albumin model system at 20°C

K x10® (moles/mole)t/z day~? Kpx10 (day-*)
Aw

~0 0.32 0.75 ~0 0.32 0.75
Blank 8,11 6.05 3.32 7.79 7.49 3.49
Hemin 9.10 6.16 1,80 6.07 6.86 3.11
Cut+ 7.60 6.33 10.71 6.97 6.55 114
Fet++ 7.93 4.37 2.95 7.52 9.53 3.55

Ky =Monomolecular rate constant Kp=DBimolecular rate constant

s,

KB i3, Awm0iZBWT, TNTOFRTIHITELIL 72ME 6.1-7.8%x107Y/day) 2RU T3, U
U, Aw=0.32 Tid, Fe#HEM$EH9.5x107/day TICHLUEL L KTdH 3, —F, Aw=0.75 Tii,
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